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EXECUTIVE SUMMARY

This Interiﬁ Report covers the study of odorous substances
and volatile orgenic compounds from BKK Class I Landfill Site
in the City of West Covina. The major findings are:

1. The major source of odor from the landfill site was
found to be mainly from the acid wells and the working face.
Hydrogen sulfide was found to be the major identifiable odorous
substance. It's concentration was found to range from O to
5.75 ppb. Other odorous compounds are generally present well
below threshold concentrations. The ACGIH (American Conference
of General Industrial Hygienists) recommended hydrogen sulfide
threshold 1imit value (TLV) for a worker exposure of 8-hours,
is 15 mg/m3 (10 ppm or 10,000 ppb). The presence of hydrogen
sulfide seems to be more of an aesthetic problem than a health
hazard. Installation of caustic scrubbing devices for the acid
wells will greatly reduce the emission of hydrogen sulfide as
well as other acid vapors.

2. The major sources of volatile organic compounds seem
to be mainly from the working face, with minor contributicns
from the gas burner. Among all organic components idsntitied,
benzene and chloroform are known to be carcinccenic in na
There are no other identifiable suspected carcinogens. Chloro-
form concentrations range from below detection iimits in the

. 3. . L
residential area to 190 ug/m™ in the working area during the

. ; ; 3
disposal operation, with an averaged value of 15 ug/m~. Among
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all the measurements performed during the evening, only one sam-
ple was found to be above the detection limit. Among the day-
time samples, chloroform was mostly detected within the landfill
area. 3 ug/m3 and 14 ug/m3 were detected in readings of two
samples in the residential area. The NIOSH permissible occupa-
tion level is 240 mg/m3 (50 ppm) for an 8-hour daily exposure.

(1 mg = 1,000 pg.)

The concentration of benzene in all samples ranged from
below the detection 1imit in the residential area to a maximum
of 364 ug/m3 arounc the working face during disposal of liquid
waste. The ACGIH/TLV is 80 mg/m3 (25 ppm) for worker exposure
of 8-hours.

3. The presence of chlorinated organic substances in air
samples seem to be»more prevalent than generally recognized.
Concentrations of 0.1 to 0.7 mg/m3 were observed. The major
sources appear to be the working face, gas burner, and possibly
acid wells. The significance of the presence of these compounds
is unknown. Scrubbing gaseous effluents of both burner and acid
wells will reduce the emission.

4. The emission of other organic substances, generally
hydrocarbons from the working face,may not pose any health or
odor problem; however, the significance and magnitude of these
emissions in terms of air quality degradation need to be assessed.

5. Probably the most important factor in reducing the emis-

sion of volatile organic substances is the reduced sxposure of

disposed liquid wastes in the working face. Some operational



guidelines in restricting the maximal time of exposure as well
as the size of the working face may be necessary.

6. The maiﬁtenance of combustion temperature of the gas
burner at 1400°F since last Report has resulted in improvement
in the odor emission from the landfill based on analytical data
obtained as well as reduction in the number of complaints. The
odor emitted from this source was estimated-to be about 28% of
the total complaints. (p.7, First Interim Report.) Installation
of an afterburner or scrubbing or exhaust gases can result in
additional removal of organic compounds.

7. The next phase of study should include:

a. Identification of major sources of chloroform and
benzene in incoming liquid wastes.

b. Study of alternative disposal practices, e.g.,
selective discharge of benzene and chloroform-containing wastes
in deep wells; reduced exposure time of selective 1iquid wastes.

c. Study of operational guidelines to reduce the emis-
sion of volatile substances during the disposal operation.

d. Possible chemical treatment of selective incoming
wastes.

In summary, improvement in the odor and emission of organic
compounds can be made through incremental implementation of source
control within the landfill. At present, the problems associated
with the BKK Landfill seem to be aesthetic in nature, based on

established heaith standards.

Vi



I. INTRODUCTION

The report péesented here, is the second part of a compre-
hensive study for the identification and control of odor of the
Class I Landfill in the City of West Covina, in accordance with
the Preliminary Study Plan presented to the BKK Corporation.

The first Interim Report covered mainly: Task 1 (Survey of His-
toric Data and Selection of Sampling Conditions); Task 2 (Pre-
liminary Site Survey); Task 3 (Development of Field Sampling
Techniques); and Task 4 (Development of Analytical Techniques).
This second Interim Report mainly describes Tasks 5 and 6, which
include sample coliection and analysis, and formulation of cor-
rective.solutions based upon the interpretation of the collected
data.

Although the original objective of this study was to inves-
tigate the odor problem, the scope of work was expanded to include
the determination and control of volatile organic compounds from
the landfill, with special attention to the identification of
known carcinogens. Specific objectives covered in this phase

are as follows:

To identify the major sources of the odorous and
volatile organic compounds.

To determine the intensity of odor and concentrations
of possible carcinogens based on both instrumental
and chemical analyses.

To monitor the dispersion patterns of both odorous

and velatile organic compounds.
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To develop control techniques to reduce the emission of

odorous and volatile organic compounds.

The problems of odor generation and emission of volatile
organic compounds associated with the integrated disposal of
solid and 1liquid wastes in Class I Landfills, have created an
unique need for the development of effective landfill émission
control measures. Odor problems arise when gases and vapors
from industrial wastes and/or decomposed organic matter are dis-
persed under favorable meteorological conditions.

There are innumerable odors in airborne gases and vapors re-
sulting from various concentrations and intensities of each odor-
ous constituent. As these odorous gases and vapors travel down-
wind, they may be intensified by feaction with other gases, vapors,
or particulate matter.

The most frequently emitted odors from the anaerobic decompo-
sition of organic matter are hydrogen sulfide, ammonia, methyl-
mercaptans, methy]su]fide§, amines, indole, skatole, and, to a
Jesser extent, sulfur dioxide, phenolics, and chlorine compounds.
Some organic acid, aldehydes, and ketones may also be odorous
either individually or in combination with other compounds. Or-
ganic matter under anerobic conditions, will produce odors that
nave been characterized by different people as rancid, feral,
rotter eggs, cabbage-like, skunk-1ike, et cetera.

Potential odor problems arising from the dispesal of chemi-
caf industrial wastes include sulfur containing compounds, nitro-

genous compounds, oxygenated compounds (carbonyls, esters, car-



boxylic acids, alcohols), substituted ethylenic compounds, and
benzenoid compounds. Odor descriptions of these various compounds
include sweet, souf, onion, garlic, fishy, solvent, sulfidy,
burnt rubber, earthy, rotten eggs, hay/straw-like, moth balls, tar-
like, shoe polish, medicinal, floral, mustard, hot plastic.
Although the presence of toxic and odorous compounds at thé
landfill site was difficult to detect because of sampling and
“analytical difficulties, with the recent advance of analytical in-
struments, such as gas Chromatography/Mass Spectrometry, it is
possible to separate and identify the major components of the or-
ganic mixtures both at the site and its vicinity, even in trace

quantities.



SECTION I1
SAMPLING AND ANALYSIS

METHODS OF APPROACH

Identification and quantification of odor is very difficult.
Not only is odor caused by very minute quantities of substances,
but also the only good measuring device is the human nose, which
is notoriously undependable. Further, people have mixed reac-
tions with respect to the offensiveness of odors.1

The magnitude of the human sensory responses to odor (the
perceived odor intensity) decreases as the concentration of
odorant decreases. However, the relationship between odor in-
tensity and odoraht concentration is by no means a direct propor-
tion.

Perceived odor intensity decreases rapidly during the course
of a continuous exposure; this is the phenonmenon of adaptation
to odor. The sensitivity to odor is recovered when the exposure
is removed. Both of these processes, adaptation and recovery,
operate over short time scales. Habituation to odors, however,
operates over much longer periods.2

Quantitative analysis of odor is more an art than an exact
science. In early 1950, Professor Gordon M. Fair of Harvard
University, designed a device for odor measurement. Since then,
little progress was made in the measurement of odor. With the
recent advances in the measurement of trace substances, organic
compounds in minute quantity which are associated with emitting

up

odar can be guantified through a "Gas Chromatography-Mass Spectro-



meter" (GC-MS) technique. Inorganic substances, such as hydrogen
sulfide, can be concentrated and analyzed either by wet chemical
or instrumental analysis. _
Odor threshold is defined as the minimum physical intensity
of stimulus which elicits a response 50% of the time. Some of
the specific odor producing substances, with corresponding odor

3 With the

thresholds and descriptions, are shown in Table 1.
exception of the compounds marked with an asterisk, for which
special procedures are required, these substances can be detected
by GC-MS technique at the threshold concentration.

In general, odor from landfill is described as "trashy" odor
with 1ittle specificity. It is possible that odor from landfill
is a combination of minute quantities of diffuse compounds, some
of which may not be detectable even with mddern instrumentation.
Hydrogen sulfide and volatile organics were selected in this study
as the compounds most responsible for odor generation as shown
in Table I.

As mentioned above, extension of the scope of work resulted
in greater emphasis on volatile organic investigations. These
compoundé were examined not only for their nuisance odor effects,
but also as potential health hazards to the environment. A very

important category in this group are the suspected carcino

W

ens.

(@]

This report represents a pioneering effort to identify and
guantify minute quantities of compounds from landfills. The
study of the 3KK Landfill in YWest Covina, is of special signifi-
cance because the site receives both domestic and industrial wastes

which can emit odorcus volatile organic compounds in addition to

rom anaerobdic decompesition.



TABLE 1

ODOR THRESHOLDS IN AIR (ppm, FROM REFERENCE 3)

CHEMICAL ODOR THRESHOLD  ODOR DESCRIPTION
Acetaidehyde 0.21 Green sweet
Acetic acid 1.0 Sour
Acetone 100.0 Chemical sweet, pungent
Acrolein 0.21 Burnt sweet, pungent
Acrylonitrile * 21.4 Onion-garlic-pungency
Al1yl chloride 0.47 Garlic-onion pungency, green
Amine, dimethyl* 0.047\ Fishy
Amine, monomethy* 0.021 Fishy, pungent
Amine, trimethyl* 0.00021 fishy, pungent
Ammonia* 46.8 Pungent
Aniline 1.0 Pungent
Benzene 4.68 Solvent
Benzyl chloride 0.047 Solvent
Benzyl sulfide 0.0021 Sulfidy
Bromine 0.047 Bleach, pungent
Butyric acid 0.001 Sour
Carbon disuifide 0.21 Vegetable sulfide
Carbon tetrachloride 21.4 Sweet, pungent
Chloral 0.047 Sweet
Chlorine* 0.314 Bleach, puncent
Dimethylacetamide 46.8 Amine, burnt, oily
Dimethylformanide 100.0 Fishy, pungent
Dimethyl sulfide* 0.001 Vegetable suifide
Diphenyl ether 0.1
(perfume grade)

(Continued)



ODOR DESCRIPTION

CHEMICAL ODOR THRESHOLD
Diphenyl sulfide * 0.0047
Ethanol (synthetic) 10.0
Ethyl acrylate 0.00047
Ethyl mercaptan * 0.001
Formaldehyde * 1.0
Hydrochloric acid gas * 10.0
Hydrogen sulfide gas * 0.00047
Methanol 100.0
Methyl chloride * (above 10 ppm)
Methylene chloride 214.0
Methyl ethyl ketone 10.0
Methyl isobutyl ketone 0.47
Methyl mercaptan 0.0021
Methyl methacrylate 0.21
Monochlorobenzene 0.21
Nitrobenzene 0.0047
Paracresol 0.001
Paraxylene 0.47
Perchloroethylene 4.68
Phenol * 0.047
Phosgene * 1.0
FPhosphine * 0.021
Pyridine 0.021
Styrene (inhibited) 0.1
Styrene (uninhibited) 0.047
Sulfur dichloride 0.001
Sulfur dioxide * 0.47
Toluene (from coke) 4.68
Toluene (from petroleum) 2.14
Tolylene diisocyanate * 2.14
Trichloroethylene 21.4

Burnt rubbery

Sweet

Hot plastic, earthy
Earthy, sulfidy
Hay/straw-1ike, pungent
Pungent

Rotten egg

Sweet

Sweet

Sweet

Sulfidy, pungent

Pungent, sulfidy
Chlorinated, moth balls
Shoe polish, pungent
Tar-1ike, pungent

Sweet

Chlorinated solvent
Medicinal

Hay-Tike

Oniony, mustard

Burnt, pungent, .diamine
Solventy, rubbery
Solventy, rubbery, plasticy
Sulfidy

pungent

Floral, pungent, solventy
Moth balls, rubbery

1 ¥} = 1 ~Aan -~ "
Medicated bandage, pungant

0

Solventy



SITE DESCRIPTION AND SAMPLING PLAN

The BKK Landfill Site was established and certified as a
Class I and II sanitary landfill by the State of California
Regional Water Quality Control Board in 1963. It disposes of
1500 tons of industrial liquid waste and 3000 tons of solid

wastes daily. The following types of waste are received:

Agricultural Rubber Tires
Commercial Solid Fill
Demolition Street and Park
Household Wood and Lumber

Industrial (Liquid and Solid)
Industrial solid and 1iquid chemical wastes include all types of
wastes except for radioactive compounds and polychlorinated bi-
phenyls (PCB's). The site has a calculated capacity of QO0,000,000
cubic yards and is expected to be filled in about 40 years.
Due to spatial and temporal variations of odor emissions,
and since selection of adequate sampling stations could, to a
great extent, determine the success of the study, special care
was taken in selecting the sampling sites. Fifteen sampling sta-
tions were established, located both within the site boundary and
in the surrounding residential area. Sampling site selection was
based on the following considerations:
Previous complaint data.
Major emissions of odorous and volatile organic
compeounds generated by the working face, liguid
disposal wells and gas burners.

eoroe

ogical factors. These include wind



direction and velocity, relative humidity,
and inversion heights.
* Time of sampling (related to inversions).
Overall, fifty-four sets of sampling were performed between
November 1979 and June 1980. Correlations between meteorological
data, time of day, and solar radiation were established in
previous investigations (please refer to Figures 18-34 in the
previous Interim Report).

The location of the sampling stations is identified in
Figure 1.

An important parameter in odor dispersion is the presence of
inversions. Commonly, atmospheric temperature decreases as alti-
tude increases, favoring dispersion of odorous compounds, because
air imasses at the surface are warmer, have lower density, and
rise. However, the ground heats or cools faster than air. This
causes a radiation inversion in relatively stable air at night,
because the ground cools first, and air at or near the earth-
atmosphere interface is cooler than the upper layers, thereby
inhibiting dispersion. This prccess continues as long as skies
are clear and winds are low. As the sun rises the following morn-
ing, the ground warms up faster than the air, and the inversion

soon dissipates. It is believed that stagnant air at night is

responsible for the increased number of complaints experienced at

that time.

wn
(49]

Proper procurement of samples is also important. Prec
field sampling techniques have to be developed, in order to pro-

duce consistent analytical results. Quality contrcl procedures
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Figure 1 - Location of Sampling Stations (Legend on Next Page)



Figure 1 - Legend

L Sampling station in landfill area

R = Sampling station in residential area

S = Meteorological station (wind measurements)
W = Working face

D = Liquid disposal wells

L1 = Near gas burner, 100 m from working face
L2 = 50 m from working face

L3 = 250 m from working face

L4 = Main road to working face

L5 = Entrance to BKK Landfill



have to ensure that the samples are representative of actual

in situ conditions. A1l samples were collected in a downwind

direction w{fh respect to the working face, unless otherwise
specified. Daily, weekly, and seasonal samplings were performed
to cover the variety of environmental and seasonal conditions.

Samples were analyzed for volatile organic compounds and hydro-
gen sulfide.

METHODS OF SAMPLING AND ANALYSIS

1. HYDROGEN SULFIDE
Sampling was performed by a suction pump, using an ex-
tended sampling time of 30 to 60 minutes corresponding to
air flows of 300 to 600 1/min. OQOverall, 50 samples for the

measurement of hydrogen sulfide were taken.

Hydrogen sulfide analyses were performed by an iodometric

method for the first batch of 5 samples. This method is based

on absorption of the gas sample in an impinger containing a
standardized solution of iodine and potassium iodide, which
oxidizes the hydrogen sulfide. However, this solution will
also oxidize sulfur dioxide, which is usually present in the
contaminated ambient air. Both gases are relatively stable
when present in low concentrations. The unreacted or excess
iodine is estimeted subseguently by titration with stancard
sodium thiosulfate solution. Sulfur dioxide may be oxidized
separately to sulfuric acid by a dilute acid solution of hy-
drogen peroxide; (and subtracted from the total;) hydrogen

sulfide will not interfere if the solution is acidic.

12



A modification of the iodometric method was used for the
second batch of 8 samples, since the original method was
found not sensitive to low levels of hydrogen sulfide.

A known volume of air was passed through a solution of
ammonia-cadmium chloride contained in two bubblers connected
in series. The collected samples were then stripped by aera-
tion of any sulfur dioxide that could have been trapped, and
the cadmium sulfide precipitated was dissolved in concentrated
hydrochloric acid. This solution was then titrated with
standard iodine solution, using starch as an indicator. In
order to detect the low level of hydrogen sulfide in the air,
a more sensitive colorimetric method was employed for samples
14 to 50, using Mine Safety Appliance (MSA) hydrogen sulfide
detection tubes. These tubes were connected to a suction
pump, and a Timiting orifice was used to control the volume
of air flow. Figure 2 shows the correlation between orifice

differential pressures and flow rates.

s
14 L/Mm
\ | .
o 14 -
12 Z
o o7 10 L/M
2 10 2
2z 8 // //’
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7
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igure 2 - Air Flow - Orifice Dif-

erential Pressure Correlation,
1SA Detector Tubes.
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These correlations were used to determine flow rates
and total collected volume of each sampling. With this newly
developed ‘method, sensitivity for analyzing low concentration
of hydrogen sulfide is greatly improved. The procedure
is based on color changes occuring in the reaction between
hydrogen sulfide and silver cyanide. Each lot of tubes is
separately calibrated over the certified range using stand-
.ards. The length which developed a color is correlated to
the hydrogen sulfide concentration.

VOLATILE ORGANICS

a. Sampling

Sampling for volatile organics requires:
Efficient concentration of volatiles from a large
air sample with no interference from moisture.
Complete collection in the volatile range considered
and quantitative regeneration.
Storage capability for later analysis.
Short sampling interval to observe rapid composi-
tional changes.
Sampling for volatile organics was performed using
Tenax - GC 2, 6 diphenyl-p-phenyleneoxide polymer, which

was found capable of meeting thes ments. This

(D

reguir

D

product was originally developed for gas chromalographic
column packing; it is also an excellent material for ab-
sorbing volatiles from air for subsequent analysis. Be-
cause of its good thermal stability (it withstands tempera-

tures up tc 350°C), Tenax - GC can be employed for the

14



collection and desorption of volatile substances with
molecular weights ranging up to several hundreds, mak-
ing it suitable %or trace analysis of biologically im-
portant volatiles and air pollutants.

Since the concentrations of volatile organics at
the BKK Site are generally very low, Tenax - GC wa;\
used to concentrate volatiles present in the air at
the sampling stations.

The trapping apparatus consisted of a pyrex glass
tube, 11 cm X 8 mm ID X 10 mm 0D, partially packed with
2 ml of Tenax - GC. The Tenax - GC trap was first pre-
conditioned with a helium flow of 30-50 ml at 375°C for
30 minutes, then connected to a suction pump in the samp-
1ing station. Sampling time varied between 10 to 30
minutes depending on the suspected concentration of odor-
ous compound present at the station. Precalibration of
the tube was performed using a soap bubble flowmeter.
The sample is obtained by pulling air through the tube
at a known rate. After a suitable period of sampling,
the pump was turned off, and the tube capped or stored
until the analysis could be performed.

Analysis

Analysis of volatile organics was performed using
the Gas Chromatography-Mass Spectrometer (GC/MS) pro-
cedure. In this procedure a gas chrcmatograph pro-
duces specific peaks for the compounds present, which

are proportional to their concentration, and the

Y
\
i

v
-3

ss Spectrometer idsntifies the individual compounds.

15



‘The application of a Mass Spectrometer as a uni-
versal yet extremely selective and sensitive detector
in gés chromatography has revolutionized the identi-
fication and measurement of organic compounds. The
GC/MS procedure provides a "broad spectrum" organic
analysis of both major and minor components, and is
highly suited to the identification and quantification
of the broad spectrum of organic materials likely to
be present in the Tandfill air samples.

The samples collected were analyzed using a
Finigan 3200 Gas Chromatograph-Mass Spectrometer,
courtesy of the Analytical Research Laboratory. The
samples underwent direct heat desorption at 200°¢C
for 10 minutes under a 30 cm/min helium flow. At
the end of 10 minutes, the Tenax sample tube was re-
moved and the analytical column rapidly heated to
50°C. At the end of 20 minutes, the column was temp-
erature programmed at 80C/min to 165°C, then held at
that temperature. The detection Timits were around
1-10 pg/m3 air. The computer-assisted Mass‘Spectro-
meter assigned identifications and printed the rela-
tive amounts of each constituent present in the ori-

ginal sample.

16



SECTION III
-RESULTS AND DISCUSSION

OLFACTORY ODOR

Odors may affect well-being by eliciting unpleasant sen-
sations, by triggering possibly harmful reflexes and other
physiologic reactions, and by modifying the olfactory function.

One of the methods performed to evaluate the extent of
odor nuisance in the Tandfill and its vicinity was a simple
estimation of olfactory odor range. Estimation of odor pres-
ence in the sampling stations was done by a trained technician,
who attempted to categorize the odor extent in a scale of 0 to

3, according to odor intensity, as follows:

0 = no odor present

1 = weak odor present

2 = moderate odor present
3 = strong odor present.

These estimations were performed simultaneously with actual
samplings, while endeavoring to assess concentraticn fluctuations
between day and night, different days of the week, and different

Seasons.

Figures 3 and 4 present the extent of olfaciory odor estimated

during day+and night time, respectively.
A comparison between the two figures indicates highsr odor
presence during night-time in the majority of sampling stations.

These observations support both the results from the first In-

17



Figure 3 - Odor Detection by Olfactory Estimation During the Day.
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Figure 4 - Odor Detection by Olfactory Estimation During the night.
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terim Report pointing out an increase in complaint numbers
during the night, ard the assumption that night-time radia-
tion inversion prevents dispersion and dilution of odorous
compounds.

The bar chart in Figure 5, shows a strong positive cor-
relation between odor extent and proximity to the working
face for various locations during day-time. However, due
to the fact that acid wells and gas burners are located in the
vicinity of the working face, it was difficult to determine
the relative contribution of each source. Exhaust gases from
gas burner were analyzed and found to be free of odorous sub-
stances. 0Qlfactory detections and sample analyses indicate
that acid well is a major source of odor emission.

Figure 6, comparing estimated olfactory odor with the
concentration of volatile organics, also confirms this impor-
tant conclusion: no correlation exists between the total
vclatile organic concentration and the extent of odor. This
indicates that odor and volatile organic compounds are not nec-
cessarily emitted from identical sources. It would be expected
that total volatile organic concentrations correlate with the
extent of odor detected in the area, if organics are the major
source of odor problems. However, according to Figure 6, very
high organic concentrations were present when the odor level
was estimated "weak," while in some cases, in the presence of
very low organic concentrations, odor level was estimated as

"strong." It is likelyly that a major fraction of the odorous
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compounds is centributed by inorganic components. A com-
parison of threshold concentration of odor producing sub-
stances with fhe maximuﬁ measured values at the BKK Site,
as shown in Table 2, indicates that hydrogen sulfide is the
major odor producing component.

HYDROGEN SULFIDE

Hydrogen sulfide is a colorless gas having the charac-
teristic odor of rotten eggs. The gas is flammable, burning
in air with a pale blue flame; the ignition temperature is
260°C. Hydrogen sulfide may be generated at the BKK Landfill
as a result of bacteriological decomposition of protein and
sulfur-containing organic matter under anaerobic conditions.
It may aiso be present in certain industrial wastes, or be
produced from them by the sulfate reduction process or by dis-
solution of metal sulfides after PH reduction due to injection
of acidic waste.

Hydrogen sulfide is an important odorous component for
this study, since there is no odor more readily identifiable
to the average individual than that of hydrogen sulfide. Very
low concentrations of a few hundredth mg/1 (0.01 - 0.045 mg/1)
cause an objectionable rotten egg odor, and are easily detected
by o]faction,6 although they are not believed to be associated
with significant health effects. (See below.)

Hydrogen sulfide intoxication has been classified under
three headings: acute, sub-acute, and chronic. Acute ihtoxi-
cation is a dramatic, systemic reaction resulting from a

. . 3 . T
single massive exposure to 1400 mg/m~ or more of hydrcgen sulfide

~

)

—

in air. This condition is characterized by rapid (often
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Table2 Threshold Concentrations of Odor Producing Substances and

Maximum Measured Values in the BKK Site.

CHEMICAL ODOR THRESHOLD(ppm) MAXIMUM VALUE(ppm)
(this study)
Acetaldehyde 0.21 0
Acetic acid 1.0 0.0017
Acetone 100.0 0.026
Acrolein 0.21 0
Acrylonitrile (1) 21.4 0
Allyl chloride 0.47 0
Amine, chloride (2) 0.047 0
Amine, monomethyl (2) 0.021 0
Amine, trimethyl (2) 0.00021 0
Ammonia (1) 46.8 0
Aniline 1.0 0
Benzene 4.68 0.114
Benzyl chloride 0.047 0
Benzyl sulfide 0.0021 0
Bromine (4) 0.047 0
Butyric acid 0.001 0
Carbon disulfide 0.21 0.0032
Carbon tetrachloride 21.4 0.036
(chlorination of CSZ)
Carbon tetrachloride 100.0 0
(chlorination of CH4)
Chloral 0.047 0
Chlorine (1) 0.314 0
Dimethylacetamide 46.8 0
Dimethylformamide 100.0 0
Dimethyl sulfide (2) 0.001 0
Diphenyl ether (perfume grade) 0.1 0
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MAXIMUM

CHEMICAL ODOR THRESHOLD MEASURED VALUE (PPM)

* Diphenyl Sulfide - 0.0047 0
Ethenol (synthetic) 10.0 0
Ethyl Acrylate 0.00047 0
Ethyl Mercaptan 0.001 0
Formaldehyde 1.0 0
Hydrochloric Acid Gas 10.0 0
Hydrogen Sulfide (from NaZS) 0.0047 0
Hydrogen Sulfide Gas - 0.00047 0.0057*
Methanol 100.0 0
Methyl Chloride (above 10 ppm) 0
Methylene Chloride 214.0 0
Methyl Ethyl Ketone 10.0 0.005
Methyl Isobutyl Ketone 0.47 0

- Methyl Mercaptan 0.0021 0
Methyl Methacrylate 0.21 0
Monochlorobenzene 0.21 0
Nitrobenzene 0.0047 0
Paracresol 0.001 0
Paraxylene 0.47 0
Perchloroethylene 4.68 0
Phenol 0.047 0
Phosgene 1.0 0
Phosphine 0.021 0
Pyridine 0.021 0
Styrene (inhibited) 0.1 0
Styrene (uninhibited) 0.047 0
Sulfur Dichloride 0.001 0
Toluene (from Coke) 4.68 0
Toluene (from Petroleum) 2.14 0
Tolylene Diisocyanate 2.14 0
Trichloroethylene 21.4 0.217
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instantaneous) loss of consciousness followed by convulsions
and respiratory failure caused by the paralyzing effects of
the gas on thé respiratory centers.

Sub-acute hydrogen sulfide poisoning is a localized
response to the irritant properties of the gas following con-
tinuous exposure to concentrations between 140 and 1,400 mg/m3
(100 and 1,000 ppm). Eye irritation, manifested as con-
junctivitis, keratitis, or both, is the most common form of
sub-acute poisoning. Respiratory tract irritation is also an
effect of sub-acute poisoning. If exposure is prolonged, ir-
ritation of the deeper regions of the lung may cause pulmonary
edema. Furthermore, at these concentrations hydrogen sulfide
produces rapid parajysis of the o]factofy apparatus, thereby
neutralizing the sense of smell as a warning system.

Acute and sub-acute hydrogen sulfide concentrations are
most Tikely to be experienced in an enclosed area, such as in
a sewer system.

There is no unanimity of opinion among authors as to
whether chronic hydrogen sulfide poisoning represents a dis-
crete clinical entity. Some believe that the signs and symp-
toms collectively referred to as chronic poisoning, actually
represent recurring acute or sub-acute toxic exposures.

A study of chronic low level exposure to hydrogen sulfide
was pub]ished7 showing minimal correlation between exposure to
hydrogen sulfide and any chronic effects. The existing hydro-
gen sulfide levels in the landfill and around the residential

area, at most can be considered as chronic very low level ex-
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posure at irrigular intervals.

The odor threshold of hydrogen sulfide is in the range
of hundredth 6f ppm. No significant health effects are known
to be observed at this level. No national ambient air quality
standards have been adopted for the United States; the State
of California has issued an ambient air quality standard of
0.03 ppm (0.045 mg/m3), averaged over one hour. The American
Conference of Governmental Industrial Hygienists (ACGIH) has
set a threshold 1imit value (TLV) of 15 mg/m3 (10 ppm) averaged
over an 8-hour work day.

Figures 7 and 8, illustrate the distribution of hydrogen
sulfide concentration at the landfill site and its vicinity.
A comparison between these two figures might re-emphasize the
importance of the working face and acid well as the major sources
of odor producing components in the landfill. During day-time
operating hours, hydrogen sulfide concentrations are high close
to the working face and acid wells; th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>